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SUMMARY
Characteristicexhaustvelocityovera rangeofmixtureratiosand
variationsin couibustiongasvelocitywithdistancefromtheinjector
weremeasuredforsixdifferentinjectorswithheptaneanda mixtureof
15percentby weightfluorineinliquidoxygen.Thetestsweremadewith
single-elementinjectorsina 200-pound-thrustenginehavinga character-? isticlengthof50 inches.Theinjectorsprovideda systematicvariation
; in injectionprocessesandthegainsin characteristicvelocityfromoxi-
“ dantatomization,fuelatomization,andmixingwereevaluated.
Thecharacteristicvelocitywithno injector-inducedatomizationa d
w mixingwasabout40percentofthetheoreticalvalue.Atomizingandmix-
ingthe@propellantsincreasedperformanceto approximately92percentof
thetheoreticalvalue.Thelargestportionofthisincreasewasobtained
fromatomizingthefuel. Theresultswerenearlythesameasthoseob-
tainedpreviouslywithoxygenandheptane,indicatingthatspontaneous
ignitionhasa smalleffectontherelationbetweenpropellantinjection
andcombustion.Thissimilarityappliesalsoto theobservedcombustion
instabilitycharacteristics.
INTRODUCTION
Experimentaldataontheperformanceof sixdifferentinjectorswith
normalheptaneanda mixtureof15percentby weightfluorineinoxygen
ispresentedherein.Thetestsarea continuationfa studyinwhichthe
relationsbetweenpropellantpreparationa drocketengineperformanceare
systematicallyevaluated.Inreference1,heptaneand100-percentoxygen
areusedaspropellants,and10 single-elementinjectorsareevaluatedin
a 200-pound-thrustengine.Eachoftheseinjectorswaschosento empha-
. sizesomepartoftheinJectionprocessuchasatomizationf fuelonly,
mixingonly,etc.(seeref.1). Thesixinjectorsevaluatedandreported
hereinareidenticalto sixusedinthereference1 studyandprovidea
l similarvariationininjectionprocesses.
2 d !-: ‘cAmE’’:’i,..;
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Performanceevaluationincludeda mess-tieof~c~acteristicexhaust~ ~ ~
velocityc* overa rangeofmixtureratiosandthe_uialvelocityof .
combustiongasesasa functionofdistancefromt~ei~jector.
.-.—~ -_
Theprimsryreasonforaddingfluorine...tothe ~genwasto study ‘: 0“~
theeffectof changesinchemicalreactivityonrocket-engineconibustion. ~
A mixtureof 15-percentfluorineinoxygenreacts~spo?ftaneouslywith
heptaneatroomtemperature,whereasUM-pe’rceutoxygendoesnot. Th& _ ““~
— .—..
—S
differenceinreactivityisobtainedwithno appr@ciahlechangeinthe
.&
physicalpropertiesoftheoxidizer.Compskhgt$er~sultswithandwithy
outfluorineshouldshowtheindependenteffecto! a ~hangeinreactivity P
ontherelationbetweenpropellantpreparationa dro~ket-engine
performance.
Anothereasonfortheworkisto
seswithfluorine-oxygenmixtureswith
fluorineto oxygen.isof interestasa
of oxygen-hydrocarbonengines.
APPARATUS‘Nil
learnmorelabo~tinjectionprocZs-
hydrocarbotis.‘Theadditionof,
meansofbc+ostingtheperformance:;
I :-,:
.=- .- ,,.
PROCEDUREI ‘-
-.
1’,,,,
Theapparatusandprocedueforthissjkdywere &hesameas those..,,
reported in reference1 withonlyminormOdlfiCatlOIIS.I ,,,,
RocketEngine I ;: ,!.::
Therocketenginewasdesignedfora nominal~th~stof 200pounds”at.
a chamberpressureof 300poundspersquare.inch.~T@ cha@erti~et~r ,,
was2 inches;thelength,8 inches.A convergent;noziilewitha throat L
diameterof0.791inchwasused. Thecharacteristiclengthwasabout50
incheswitha contractionratioof 6.4. Theinje+tor,uncooledchamber,
anduncoolednozzleweresepara%leunits.EngineIignltionwasspontaneous
uponcontactofthepropellants. ,- -— —-. ,.
-.
Theinstallationa duseoftheoxidantankweremodifiedfromref-
erence1 as follows.Thetankwassuspendeafrom@ st_rain-gage-t~e
weightsystemandweighedwhileimmersedin,llquidnitrogen.Next,a
prescribedamountof liquidoxygenwasloa~d into;th~tank. Gaseous_
fluorinewasthencondensedinthetankby bubbli~itthroughtheoxygen”
untilweightmeasurementsindicated15-pert.@ntflu’ori~jthefluorinecon-
centrationactuallyvsriedbetween14and16perce:ntofthetotaloxidant,,
weight. .7 I z: -,
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Thedensityofthe15-percentmixtureat liquidnitrogentemperature
A (140°R) isl.248compsredwithl.206for100-percentoxygen.Thismix-
turedensitywascalculatedusinga fluorinedensityof1.558(ref.2).
Theboilingpointsat 1 atmosphereforoxygenandfluorineare162°and
. 153°R, respectively.
Injectors
Thesixinjectorshowninfigure1 wereinvestigated.Theseinjec-
torsprovideda systematicvariationininjectionprocesses.Theinjec-
torsarethesameasthoseusedfortheliquidoxygenandheptanestudies
reportedinreference1. ,
PerformanceM asurements
Injectorperformancewaseval.uatedbydeterminingthecharacteristic
exhaustvelocityas a functionofmixtureratioandthechaibergasve-
locityasa functionofthedistancefromtheinjectorat a mixtureratio
i of about2.4.5
:
. Thecharacteristicexhaustvelocityas a functionofmixtureratioi wasobtainedfromthemeasurementof chamberpressure,andoxidant-and
-1
3 fuel-flowrates.Chamberpressurewasmeasuredattheinjectorfacewith
. botha recording-typeBourdontubeanda strain-gage-t~epressuretrans-
ducer.Flowratesweremeasuredby rotating-vane-typeflowmeters.The
liquidoxygenwasmaintainedat constantemperatureina liquid-nitrogen
bath. Calibrationsoftheflowandpressureindicatorsshowedanaccuracy
of approximatelyQ percent.However,a maximumdeviationof+5 percent
in C* measurementswasobtainedexperimentallywithseveralinjectors.
Combustion-gasvelocityas a functionofdistancefromtheinjector
wasobtainedfromstreakphotographsofthecombustiongasflow. The
techniqueusedwassimilartothatdescribedinreference1 excepthat
sheet-metallinerswereplacedwithinthetransparentplastichambers.
Thelinersreducedtheerosionandburningof theplastic.Apertures1./4
inchwidewerecutinthelinerforthestreskphotography.Simultaneous
streakphotographsofthegasflowviewedfromtwodirections90°apart
wereobtainedinthisstudy,whereasonlyoneviewwasusedintheprevi-
ousstudy.Gasvelocitiesweredeterminedwithan errorofapproximately
MO feetpersecond.An averagevariationingasvelocitywithdistance
fromtheinjectorwasobtainedfromapproximatelytenvelocitydetermina-
tionsmadeat eachof sevencombustorstations.Thedataarepresented
. fore’achviewasthepercentageof thefinalvelocityobservedinthe
chamberforthatview.Thefinalvelocitiesofthetwoviewsagreedwith
eachotherwithinexperimentalerror;theywereoftheorderof150to9 350feetpersecond.
*=
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Test Procedure
ThecharacteristicexhaustvelocityC* was;determinedforeachin;,
jectorforoxidant-fuelweightratios(mixturera~io)-fromabout”1.2;O
4.00 Testfiringswereofabout3 seconds;durati@~+ceptforseveral.,-.—
variable-mixture-ratiofiringsofabout12:second$d~.at”ion.The;~ot’a~““
flowratewasmaintainedconstantatabout0.9pound~ersecondformost: ~~
testconditions. I -= ;,— .—
RESULTSANDDISCUSSION; = ,,-.
—
InjectorPerformance: ;. :,-.
Characteristicvelocityovera rangeofmixt?ue.ratiosandchamber,
gasvelocityasa functionofdistancefromtheinjec~orareshownfor ~
thesixinjectorsinfigures2 to 7. The~-erfor~nc~datafromthe ~
oxygen-heptanestudy(ref.1)sreincluded’inthe~efiguresfora direct”_
comparison.oftheeffectoffluorineadditiononperformance.Table~ ~~
isa tabulationof experimentaldataforthefluorine}oxygenmixtures.., .
No atomizationrmixing.- The c* e$ficie~cyforthepsrallel-jets
injector(fig.2(a))wasabout40percentyithboth1~”-percentfluorine,,
and100-percentoxygen.Theincidenceof combustioninsta~ilitywasalso’
similsrforbothpropellants.Thechamber-gasveloci~y(fig.2(b))indi-
catesthatcombustionisinitiatedcloser%-othe$njectorwithfluorine.~~‘“-
Thedifference,however,couldbe partiallyattributedto differenttest
conditions.(Sheet-metallinerswereused.intheipla@icchambersdu~n$,
thefluorine.tests.~Variationsingasvelocity@ ~ewedfromtwodirec-
tionsdenotesa large-scaleturbulence.ne~ thei+jector.
,i
Oxygenatomization.-
t-
The C* fortheoxidat-sheets,fuel-jetin-,
jector,(fig.3(a))isaboutthessmepercQRtage,ftheoreticalC* withi,
orwithouthefluorineadditionto theoxygen.No combustioninstab~iity”’”-
wasencounteredwitheitherpropellant.Fluorine;addedto theoxygendoes
notalterthechambergasvelocityvariations(fig.3(b)).Thepresence-:-
oflarge-scaleturbulenceisagainIndicatgd. : ~. —. !,_-
Fuelatomization.-
—
The c* forthefuel-sh~et~oxidant-jetsinjec~or
(fig.4(a))ata mixtureratioof 2.5for@ak th~ore~icalc* was75.5; .
percentoftheoreticalwith15-percentfluorinea’d72 percentwith100-”
Fpercentoxygen.Theincidenceof combusti~ninstbi~i~ywaslesswitfi1$’-percentfluorine.Thegasvelocity(fig.4(b))w~ss?imilarwithboth “r
propellants.Thevelocityvariationsindicatea ~ecr–easeinlarge-scale~~
turbulenceneartheinjectorcomparedwith-thepa~elfel-jetsandoxi@t-
sheetsjfuel-jetinjectors. !.. 1 .a.
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Oxidantandfuelatomization.- The c* efficiencyforthepsrallel-
sheetsinjector,showninfigureS(a)jwasabout82percentatthemixture
c* forbothpropellants.ratioforpeektheoretical Theperformance
.
curvesappearto detiateinthefuel-richregionalthoughthedatafor15-
percentfluorinearescatteredinthisregion.Thescatteringmaybe due
to theintermittentperiodsof combustioninstabilityhatoftenoccurred
duringtestfirings.Thegasvelocityincreasedlinearlywithdistance
fromtheinjector(fig.5(b))withno indicationof large-scaleturbulence.
Theresultisaboutthesamewith100-percentoxygen.
Mixingbeforeatomization.- The c* efficiencyfortheimpinging-
jetsinjectorwas92percentatthemixtureratioforpeektheoretical
C* (fig.6(a)).Stableoperationwasnotobtainedfor100-percentoxygen
atthiscondition,buttheextrapolatedvaluewasalsoabout92percent
oftheoretical..Betterperformanceinthefuel-richregionwasobtained
with15-percentfluorinethanwith100-percentoxygen.Conibustioninsta-
bilitywasprevalentwithbothoxidantsat a mixtureratiogreaterthan
2.0. The c* duringcombustioninstabilitywasonly1 to 2 percent
higherthanduringstablecombustion;theincreasewasmuchlargerforthe
previousinjectors.The c* level,however,wassimilarforallinjec-
torswhencotiustioninstabilityoccurred.
. Thegasvelocity(fig.6(b))reacheda maximumvalueabout5 inches
fromtheinjector.A simileresultwasobtainedwithKX2-percentoxygen.
Mixingafteratomization.- The c* efficiencyatthemixtureratio
forpeaktheoreticalc* fortheimpinging-sheetsinjector(fig.7(a))
was85and87percentfor15-percentfluorineand100-percentoxygen,re-
spectively.Thescattereddataforfluorinemayagainbe dueto thehigh
incidenceof intermittentcombustioninstabilityduringtestfirings.The
gasvelocity(fig.7(b))wasnearlyidenticalforthetwoviews.The
shapeofthecurvediffersomewhatfromthatobtainedwith100-percent
oxygen.Changesintestprocedureandexperimentalccuracy,however,may
accountforsomeofthisdifference.
Evaluationof InjectionFkocesses
Theimprovementsincharacteristicexhaustvelocityc* gainedfrom
oxidantatomization,fuelatomization,andmixingwereevaluatedfroma
comparisonofthe C* performanceof thesixinjectors.Theseevaluations
weremadefrcmithefollowingsixcomparisons:
l
6The
—
-.
I -.
Injectionprocess Injectorsc+omp~ed
Oxidantatomization: i=
(1)Fuelnotatomized Oxidantshee~s,Fueljet
againstp+all~lJets
(2)Fuelatomized Fuelsheet,qxidantjets
againstp~allelsheets
I --1.
Fuelatomization:
(3)OxidantnotatomizedFuelsheet,~xid%tJets
againstpe+all&ljets
(4)Oxidantatomized Oxidantshee~s,fueljet
agaiustpadallelsheets
Mixing: i:
(5) BeforeatomizationImpingingjet%against
parallels~eetq
(6)Afteratomization Impingingsheetsagainst
parallels~eet;
-.
,.
. .
,-
C* efficiencyof eachofthesepairsof injectorsisshownin
figure8 whereresultsforboth15-percentfluoririeand100-percento~- ‘-
genarecomparedina parallelarrangement.The6had@areabetweentge
twocurvesrepresentsthegaininperformanceobtainedfromtheinjection~~
.—
processes. I —— ,!.
,,
Someofthecomparisonsinfigure8 showtha~thegainin c* de-
pendsonmixtureratio.Thisgainin to variationinin-~”C* .uy beitie..
jectionconditions.Forexample,thepressuredrQpa~rossthefuelor-i-,,.,.,_
ficesdecreaseswithan increaseinmixtureratioiThefuelatomizat~o-n
thereforeisexpectedtobe betterat lowmixture@atios.Similarvu_ia-fi
tionswithmixtureratiooccurwithoxidantatomi~ationa dmixing.
..
. i-
Theimprovementsin
.,.
C* performanceata mix~tureatioof 2.5for ~~
theinjectionprocessescanbe compsredwiththe~esu~tsofreferences1 -
and3. The c* efficiencyincrementsoffigure8 andthedataof refer-”
erice 3 weredividedby thedifferenceb tweentheqreti_calc* and C*
fortheparallel-jetsinjector.Thefactor..obtai~edprovidesa meansof
comparingtheeffectsof injectionprocessesamongallthreepropellants.
Thecomparisonfactorsforthepropellantsinvestigatedaresummarized—“
inthefollowingtable: ~ -,,:/. 1!
,.
.
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Injectionprocess
Oxidantatomization:
(1)Fuelnotatomized
(2)Fuelatomized
Fuelatomization:
1
3)Oxidantnotatomized
4) Oxidant atomized
Mixing:
(5)Beforeatomization
(6)Afteratomization
L5-Percentfluorine,
35-percentoxygen,
andheptane
17
9
59
51
18
8
)xygen
md
leptane
15
18
53
55
16
9
lxygen
md
2ydrogen
55
u
66
23
0
9
Thiscomparisonshowsthatfor15-percentfluorinetheimprovement
c* performancefromfuelatomizationisabout3.5timesgreaterthan
thatfromoxidantatomizationwhentheotherpropellantisnotatomized
(items(3)and(1) anda%out5.5whentheotherpropellantisatomized
(items(4)and(2)).The c* improvementfromfuelatomizationisalso
substantiallygreaterthanfrommixingalthoughtheeffectofmixingmay
increasewithshorterchamberlengthsas evidencedbythegasvelocity
.
measurements.Theresult
pellant,inthiscasethe
. provement.Theseresults
oxygen.
Therelativeffects
entwithgaseoushydrogen
whentheotherpropellant
indicatesthatatomizingthelessvolatilepro-
heptane,givesthelargerc* performanceim-
aresimilartothoseobtainedwithheptaneand
oftheseveralinjectionprocesseswerediffer-
andLLquido~gen. Forthetwoconditions
wasnot atomized(items(3)and(l))andatom-
ized(items(4)and(2))thegainfromhydrogenatomization(dispersion)
wasonly1.2and2.1timesgreaterthanfromoxygenatomization.In this
case,o~genwouldbe consideredlessvolatile,andtheimportanceof oxy-
genatomizationrelativeto fuelatomizationi creasedfromthatobtained
withheptaneando~gen.
EffectofReactivityonPerformance
A comparisonofthe15-percentfluorineand100-percentoxygenre-
sultsshowtheeffectof spontaneousignitionontherelationbetween
propellantinjectionandrocket-enginep rformance.Qualitatively,the
effectis smsll.IWh the C* efficiencyandthegainsinperformance
fromthevariousinjectionprocessesweresimilar.Foroxidantatomiza-
.
tionwithatomizedfuel(item(2)),thegainin c* appearslargerwith
lCQ-percentoxygenthanwith15-percentfluorine.It ispossiblethat
l oxidantatomizationis lessimportantwitha highlyreactingoxidantwhen
thefuelisadequatelyprepared.However,thesesmall.gainsinperformance
8.-
.-
,, -..
—
-“ IIACARME56Jll
(about10percent)approachexperimentalccuracyj~ general,itis
concludedthatspontaneousignitionofpropellant~.@o 5snotsi6WificantlY,
influencetherelationbetweenpropellantigjecticpandengineperformance.
Theresults with15-percentfluorinemphasizet~econtrollingin- ““
fluenceofphysicalprocesses,suchaspropsllmt ivapdrizationandmass :
diffusionormixing,ontheconibustionrate,procefis.LThesephysical
processeswereappreciablydifferentinthe’gasemishydrogenandliqui”d“
oxygen study, (ref.3)andgenerallyhigherc* deficiencyanda de-
creasedimportanceof fuelatomizationwereobser~ed..~Althougha chan~e~:.-
inreactivitywasalsopresentwiththesepropellants~theeffectofre-
activityseemslessimportantinviewoftheresu+ts~btainedwl.th-.-l5-
percentfluorine.Onthebasisof suchan interpreta~ion,thecombustion”‘“”
.—
efficiencyofsny fuelwithfluorinewould.not.be‘greatlydifferentfrom
thesamefuelwithoxygen,becausetheproperties~of&hesetwooxidize_rsj:
whichcontrolthephysicalprocesses,s.renearlyt~hesame.
esses,howeverjmaynotalwaysbe controlling.It,hae”been
thatthedecompositionrateof nitricoxide’correlate=with
combustionrateof jetfuelandnitricacid.Such,chemical
essesmaybe importantwithotheroxidizersasweljl.
Physicalproc-
sho~..(ref.4)
theover-all
kineticproc-
,.
Thequalitativer sultsobtainedthusfarwithoxygenandfluorine
indicategreaterdependenceofthecombustionproq=s-~th Variations.$n
physicalprocessesthanwithvariationsinchemicaJkinetics.A mme
thoroughinvestigationofthesephysicalprocesses;therefore,is sug- “ ‘“”
gested.Severalfactorsofbothfundamentalndp;rac~icalinterestwhich,,_.
effectthesephysicalprocessessrethedegreeofkro~ellantatomization,
propellantvaporpressure,heatof vaporization,a~dthedegreeandsc~e,
of chaniberturbulence.A studyoftheeffectofthesefactorsonrocket-
engineperformancewouldleadto a morequantitati~e=al~ationofthe_
combustion-rateprocess.If variationsin chemicalkineticsarerelat~ve-
lynoncontrolling,aswasindicated,suchan eval~ationofphysicalpr_oc-.,~
esseswouldprovidea qualitativebasisfor.~redictd.n~thecombustion
rateandinjectorequirementsfora givenpropellantconibination. -—...
—
SUMMARYOFRESULTS ~ ,:
,,
SixinjectorswhichsystematicallyvariedinJpct~onprocessesof
atomizationa dmixingwereinvestigatedina 200-@utid-thrustrocketen-::
gine. Propellantswereheptaneand.a mixtureof15-percentfluorinein
liquidoxygen.Characteristic-exhaust-velocity~ clyunber-gas-velocity
measurementsweremade. .,
—.
Theresultsofthisinvestigationaresummari~edas follows:
-..-
.* : -. .,
(1) The characteristic exhaustvelocity wasabout40.percent of the “ - “ ‘- -~~
theoretical value with no atomizationandmixinga~dincreasedto 92yer-. ._
centwhenthepropellantswerebothatomizedandm,ixed.
—
.—..
., .-— .—. —
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(2)Thegainin chsracteri8ticexhaustvelocityobtainedfromfuel
k atomizationwasfrom3.5to5.5timeslargerthanthatobtainedfrom
eitheroxygenatomizationrmixing.
. (3)Theefficiencylevelandthegainsincharacteristicexhaust
velocityobtainedfromvariousinjectionprocesseswerequalitatively
thesameasforoxygenandheptane.Thesimilarityindicatesthatspon-
taneouspropellantignitiondoesnotsignificantlyeffectherelation
betweenpropellantinjectionandengineperformance.
LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics
Cleveland,Ohio,October12,1956
1.Heidmann,M. F.,andAuble,C.M.: InjectionPrinciplesfromCombus-
tionStudiesin a 200-Pound-ThrustRocketEngineUsingLiquidOxygen
andHeptane.N4CARME55C22,1955.
2.Jarry,RogerL.,andMillerjHenryC.: TheDensityofLiquidFluorine
between67and103°K. Tech.NoteOSR-TN-55-286,WhitemarshRes.
Labs.,ThePennsylvaniaS ltMfg.Co.,Nov.4, 1955. (Contract
. AFRDC18(600)761.)
3.Auble,CarmenM.: A Studyof InjectionProcessesforLiquidOxygen
andGaseousHydrogenin a 200-Pound-ThrustRocketEngine.NACARM
E56125a,1956.
4.Trent,C.H.: A StudyofConibustionofWFNAandJT-3inRocketThrust
Chambers. Rep.No.628,AerojetEng.Corp.,Nov.15,1952. (Con-
tractAF33(038)-2733,Item30,Proj.MX-1079.)
_-
amE!!!q .,—---NACARM E56Jll
.
.... .r— =
TABLEI.-pmRWE DATA~ f
10
ml Tanktochmber ChaniberOxidantFuel mil
T
‘oxiaant-Character-
pressuredrop”,pressure,weight weightwe ht fuel istic
lb/sqin. lb/sqin. flow, flow, f10Y, weight exhaust
abs. lb/seelb/sec lb~pecrat10 velocity,
OxidantIWel ft/sec1
Psral.lel+letsinjector
1 215 210 170 0.749 0.2781.b27 2.67 2600
1 122 117 263 .548 .204
t
.52 2.69 %500
2 181 206 154 .714 .306 1.20 2.34 2370
3 153 98 152 .651 .182
/
33 3.58 2870
4 168 1.13 157 .675 .210 :85 3.22 2780
5 125 225 130 .565 .324 89 1.74 2290
6 165 145 150 .685 .241 :26 2.84 2540
Oxidant-sheets,fuel-jetinJecto~ ~
I a!kO.18 6.23 352099 3.22
I
3280
: 27 2.75 3120
. 26 2.30 3080
. 19 1.83 2960
07 1.24 2900
:,97 3.53 3340
67 183 0.705
67 188 .686
101 184 .680
129 181 .645
152 173 .594
206 164 .491
79 191 .699
-
0,~13
.213
.247
.381
.325
.396
.198
.24 97
25 97
26 91
L27 94
S8 73
!29 61
L30 99
Fuel-sheet,oxidant-jetsinjecto~ ~~
8
‘9
10
U.
1.2
13
14
133
lzl
Hz
92
175
160
128
183
236
292
357
150
185
193
232
239
233
223
250
255
282
0.610
.595
.535
.481
.709
.671
.572
*.
0.202 0. !312 3.02
!
.237 . 32 2.51
. ?70 1.98
.304 : ?::
~
1.58
. $fa . 87 3.98
.$05 . 76 3.28
.204 .,76 2.80
IL
4490
4570
4550
4460
4430
4570
a5710
Parallel-sheetsinJector I
1
0. 55
. 68
. 98
44
:6
.26
[
17
: 21
:$):
.
1
19
. 38
. 19
.898
.1393
5090
4890
a5540
4830
4920
0.i95
.258
.243~
.174
.234
.*3O
.331
.360
.359
.232
.229
.265
;~24
J
.196
.251
24
25
25
26
39
138
115
115
165
98
98
91
87
87
Izo
lzo
106
116
109
109
X58
195
195
1.15
183
183
311
357
357
180
180
221
176
144
199
277
270
284
290
262
260
269
253
256
285
287
299
289
286
286
0.660
.610
.555
.770
.602
.596
.586
.561
.469
.656
.590
.623
.695
.702
.642
3.38
2.36
2.28
4.42
2.57
2.59
1.77
1.56
1.28
2.82
2.58
2.54
3.10
“3.58
2.55
39
41
42
42
43
4950
4610
4320
a4850
5040
85510
5010
4940
5030
43
80
81
82
83
aCotiustioni stability.
,=
1
—
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TABLEI.- Continued.PERIWRMA.WEDATA
Run Tankto chauhr ChaniberOxidantFuel Total oxiaant-Character-
pressuredrop, pressure,weight weightweightfuel Istic
lb/sqin. lb/sq.in.flow, f10W, flow, weight exhaust
abs. lb/seelb/seeJ_b/secratio velocity,
oxidantFuel ft/sec
Parallel-sheetsinjector
83 109 199 295 0.598 0.242 0.840 2.47 a5520
98 277 .690 .175 .865 3.94 a5330
99 276 .679 .321 1.000 2.11 4580
100 262 .607 .358 .965 1.70 4510
101 199 .492 .383 .875 1.28 3280
102 223 .526 .379 .905 1.39 4100
103 281 .594 .257 .851 2.31 a5480
241 108 328 277 .580 .404 .984 1.43 4430
241 108 328 293 .522 .370 .892 1.41 a5160
242 97 347 268 .557 .396 .953 1.40 4480
b250 297 .672 .208 .870 3.23 a5370
306 .655 .224 .879 2.92 a5470
307 .640 .239 .879 2.6a a5500
311 .623 .256 .883 2.45 a5530
311 .616 .265 .881 2.32 assso
b250 314 .600 .284 .884 2.1.1 a5580
3X5 .595 .295 .890 2.02 ~5520
310 .585 .308 .893 1.90 5450
309 .572 .323 .895 1.77
306
~5420
.561 .335 .901 1.69 5360
b251 305 .559 .342 .901 1.63
302
a5320
.552 .360 .912 1.53 a5200
299 .539 .365 .904 L48 a5200
297 .533 .374 .907 1.42 a5150
b251 231 .514 .423 .937 1.21 3880
b251 250 .545 .406 .951 1.34 4140
255 .535 .420 .950 1.27 4220
263 .537 .393 .930 1.37 4450
266 .545 .397 .942 1.37 4440
268 .555 .370 .945 1.42 4460
b251 273 .563 .393 .956 1.43 4490
273 .568 .384 .952 1.48 4500
276 .584 .375 .959 1.56 4520
278 .590 .370 .960 1.59 4550
281 .591 .354 .945 1.67 4670
1-
aCotimtioni stability.
. bVsxiablemixtureatio.
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TABLEI.- Continued.PER~RMANCE?AT&
Run Tanktochauhr\Chmber Oxidant
weight
flow,
lb/aec
Fuel
weight
flQv,
lb/see
Tok
‘-kwe htflo,>
lb$ec
Oxidant-
fuel
weight
rat10
Character-jEtj.c
exhaust
velocity,
ft/sec
II I I
Parallel-sheetsinjector ~ ~“
-
4650
4720
4700
4760
4780
4850
4880
4430
4490
4620
4620
4580
4620
4650
4680
4740
4790
4820
0.351
.54.5
.q3
.317
.~07
.$96
.887
.351
.341
.332
*,
.932
.334
.323
.313
.$04
T..:
.~93
.278
.273
’251
’251
3252
3252
’252
0.’851
.!345
.b48
.~37
.~32
.;31
.b20
.!319
.~58
.943
.1343
.b51
.b48
.b51
P
. 47
1
.58
. 28
. 26
281
284
284
284
284
286
286
259
274
277
277
277
279
281
282
283
283
284
0.600
.600
.615
.620
.625
.635
.633
.568
.617
.611
.6SL
.617
.625
.638
.643
.645
.650
.653
1.71
1.74
1.85
1.95
2.04
2.14
2.20
1.62
1.81
1.84
1.84
1.85
1.93
2.04
2.12
2.20
2.34
2.40
. .
.-.
Iiupinging-jetsinjector I
211
236
239
256
260
259
231
228
230
223
270
203
295
236
287
0.134
.165
.158
. ~54
.155
.149
:f&
.144
.340
.280
.391
.290
.399
.346
17
18
18
19
19
19
20
20
20
21
21
28
28
29
29
79
69
66
89
85
81
64
67
65
122
75
187
95
144
93
86
89
86
79
75
71
74
77
75
~~
165
?72
Leo
289
238
0.468
.491
.496
.587
.607
.601
.52-2
.488
.’495
.446
.530
.375
.557
.434
,547
3.49
2.98
3.14
3.81
3.91
5500
5650
a5740
a5430
5360
a5420
5570
5630
a5660
4460
5250
4170
a5470
4450
a5050
4.03
3.40
3.30
3.43
1.31
-.
---9 -
--
~+
.,
=.
.-
1.89
.96
1.92
1.09
1.58
aContmstioni stability.
bveriablemixtureratio.
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TABLE I.- Continued.PEKFORMM?CEDATA
13
.
mu Tanktochauib=Chamba oxidantFuel Total Oxidant-Chsxacter-
pressuredrop, pressure,weight weightweightfuel istic
lb/sqin. lb/sqin. flow, flow, flow, weight exhaust
abs. lb/seelb/seeSb/secratio velocity,
OxidantFuel ft/sec
W@@.v+jets inJector
30 103 173 317 0.608 0.281 0.889 2.16 a56Cil
31 3.21 121 324 .683 .206 .889 3.14 a5720
92 101 176 324 .659 .291 .950 2.26 55C4Y
93 101 156 329 .680 .263 .943 2.58 5620
94 104 144 331 .683 .253 .936 2.70 ‘35700
95 107 132 333 .718 .230 .948 3.12 5660
96 m 127 333 .730 .228 .958 3.20 5600
Impinging-sheetsinjector
64 131 111 294 0.716 0.163 0.879 4.40 5250
65 102 147 288 .646 .206 .852 “3.14 5310
66 98 238 307 .610 .279 .889 2.20 a5440
67 67 272 254 .485 .310 .795 1.56 5010
68 56 366 219 .386 .372 .758 1.04 4540
69 105 195 310 .610 .245 .855 2.49 a5700
70 125 130 305 .710 .185 .895 3.84 a5360
71 62 357 243 .464 .368 .832 1.26 4680
72 97 297 298 .601 .322 .923 1.87 5070
73 105 220 310 .623 .261 .884 2.38 a5510
73 llo 225 305 .659 .270 .929 2.44 5160
74 115 305 .646 .201 .847 3.22 a5650
74 132 288 .694 .216 .910 3.21 4970
75 303 .667 .188 .855 3.54 a557v
75 290 .716 .207 .923 3.46 4940
76 309 .619 .234 .853 2.64 a5690
76 297 .655 .246 .901 2.61 5160
105 82 257 293 .602 .324 .926 1.86 a5410
105 85 260 290 .610 .327 .937 1.87 a5300
106 85 220 295 .622 .292 .914 2.13 a5510
106 90 225 290 .631 .294 .925 2.14 a5350
107 90 185 295 .636 .267 .903 2.38 a5590
107 105 200 280 .668 .277 .945 2.41 5070
108 111 161 279 .723 .242 .965 2.98 4950
109 106 151 282 .645 .21.1 .856 3.05 a5650
109 116 161 270 .673 .234 .907 2.88 5100
IJO llo Uo 275 .641 .185 .826 3.46 a56,50
llo l.zil131 264 .705 .212 .917 3.32 4930
b265 318 .707 .186 .893 3.80 a5590
319 .700 .191 .891 3.67 a5620
uConkmstioni stability.
bVmiablemixtureratio.
--
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TABIJII.- Concluded.PERFORMANWDATA
Run TanktochaniberChauber OxidantFuel Tc+al
pressuredrop, pressure,weight weightweight
lb/sqin. lb/sqin. flow~ flow, flow,
abs. lh/seclb/seelb/see
OxidantFuel I
Impingln+sheetsinjector~
b265
b265
b265
b265
b266
b266
b266
b266
322
3,25
326
327
319
320
320
318
326
324
322
319
318
315
313
309
294
303
304
297
311
315
317
317
318
308
320
321
320
321
321
308
322
303
303
318
0.699
.687
.679
.665
.698
.690
.706
.670
.628
.621
.615
.610
.600
.587
.576
.568
.585
.565
.565
l 603
.570
,579
.585
.587
.595
.635
.615
.618
.620
.625
.633
.670
.633
.661
.651
.635
).203
.2175
.229
.239
.261
.264
.274
.281
.286
.290
r
.298
.306
.316
.329
.334
.346
.356
.346
.346
.352
.334
.328
.324
.313
.312
.309
.294
.291
.281
.277
.271
.275
.261
.266
.260
.240
-
).?02
: glf
.504
.959
. ;54
.?76
.951
; $:
I.913
.916
.916
.916
.
1
10
.914
.941
.91.1
;911
.955
.904
.907
.909
.900
.907
.944
.909
.909
.901
.902
.404
. d45
.894
.927
.91.1
.875
aCombustloni stability.
bvariablemixtureratio.
—
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NACARME56til‘ ~
oxidant-IChsract=-
—
3.44
3.16
2.96
2.78
2.67
2.61
2.56
2.38
2.22
2.14
2.06
1.99
1.90
1.78
1.73
1.66
1.65
1.63
1.63
1.71
1.71
1.76
1.80
1.87
1.90
2.06
2.09
2.12
2.20
2.26
2.34
2.44
2.43
2.48
2.50
2.64
.,— .
.- -:
%600
%650
a5640
a5680
5230
5260
5150
a5250
5650
a5580
a5530
a5470
a5450
a5400
a5406
a5310
4900
a5220
a5230
4890
a5400
a5450
a5480
a5530
a5503
5120
%530
%550
%570
a5590
a5580
5120
a5650
5240
5320
%710
—
—.
~..-
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—
.
—
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—
l
.
.-

.. . -.—
NACARM E56Jll
.
“
*
.
..Cl.
o000
(a)Paralleljets;
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*
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(b)Oxidantsheets,
fueljet;oxidant
atomizationwith-
outmixing.
Of fo
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(c) Fuel sheet,
oxidantjets;
fuelatomiza-
tionwithout
mixing.
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(e) hpingingJets;
mixingbefore
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(d) Parallelsheets;
oxidantandfuel
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Outmixing.
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(f) Impinging sheets;
mixingafteratomi-
zation.
Figure 1.- InJectordesignsandspraypatterns.
FuelinJectionequallyspacedbetweentwoposi-
tionsofOxibt injection.Centerlinespacing
betweenfuelandaxidantInjection,0.25inch.
Oxidmtorificediameter,O.111inch;singlefuel
orlflcedismeter,0.116inch;doublefuelorifice
diameter,0.062inch.
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Figore 8. - Perfomsnce gatiforvariousinjectionprocessesfrau a cm@rison
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Figure8. - Continued.Performancee e~ forvs.rfousinjection processesfrcm a
c-son Ofi~ectorperformanceforboth15-percentfluorineand85-percent
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RLgure 8. - Concluded. Performnce * for ~ms injectionprocessesfrcm a
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